United States Patent (9 1] Patent Number: 4,724,428

Brown, Jr. [45] Date of_Pate_rlt: B Feb._9, 19_8_§
[54] THERMOCOUPLE JACKET MONITOR Assistant Examiner—1Jill D. Jackson
rm—A B. M
[75] Inventor: George W. Brown, Jr., Windsor, Attorney, Agent, or Firm—Arthur OO1E
Conn. 157] ABSTRACT

[73] Assignee: Emhart Industries, Inc., Farmington, A thermocouple jacket monitor is disclosed. The _ther-
mocouple monitor is constructed utilizing an inner

Conn. jacket and an outer jacket with a replaceable conduc-

[21] Appl. No.: 882,759 ~ tive metal strip sandwiched between the inner jacket
[22] Filed: Jul. 7, 1986 and a central insulator housing the thermocouple junc-
tions. The conductive metal strip is connected to an

[51] Imt. CL4 .onriinninnnnne G08B 21/00; GO1K 1/12; alarm circuit in the thermocouple head. When the outer
GO1K 7/00; HOIL 35/02 and inner jackets are corroded away by a molten mate-

[52] U.S. ClL .coccnviineiriciiincnnreraneene 340/653; 374/184; rial, such as molten glass, exposing the conductive metal

374/139; 374/179; 136/232; 136/234; 324/61  q4rip to the molten material, the alarm such as a light on

P; 340/396  (phe thermocouple head, or the control panel or both, is

[58] Field of Search ............... 340/602, 604, 618, 620, [t notifying the operator that the thermocouple is dam-
| 340/595, 596, 653, 522, 622, 603; 374/184, 139, ;3564 and needs to be replaced. If a two-way continuity
179, 224; 136/232, 234; 324/65 RC, 61 P;  ,1arm circuit is utilized, a second alarm light is activated

307/327; 427/21, 224 when any portion of the conductive metal strip is cor-

roded to the extent of being separated. Additional resis-

[56] References Cited odead | : : :
tivity is provided to the thermocouple jacket monitor
U.S. PATENT DOCUMENTS by coating the portion of the jacket or jackets coming
2,865,785 12/1958 ColeS ccovoreerrcirnrurrarnensssnnrenes 427/224 into contact with a molten material with a metal or
3.436,203 4/1969 WU .ccvevreererrnveracsnnsssissnessens 65/362 metal alloy. A third, capacitive alarm circuit may pro-
3,580,078 571971 MacKenzie ....covieiivecennana. 374/139 vide an initial alarm when a portion of the metal or
4,295,092 10/1981 Okamura .....cceeevevcvrecmenscnes 324/61 P metal alloy coating of the outer jacket corrodes away.
4,428,686 1/1984 Brax ....ccconvinrrcciniccianes 374/179
Primary Examiner—Joseph A. Orsino | 15 Claims, 6 Drawing Figures
y T
]
|
: mtg‘ {'g E‘?GE ALARM c?«x‘gé‘i‘i’é? l'"_'7
| areuny | | v :
i R :
|| POWER i 5 1 1
REMOTE SOURCE | |2 | _[CONTINWATY i
ALARM | = MONITOR l
INDICATOR. || _ :
L ___________ P JUER——— | G .__:
THERMOCOUPLE EXTENSION WIRE ﬂ |

@ .

TEMPERNIURE MOLTEN
MONITOR. GLASS
£ OISPLAY LEVEL 14-\

T A T O -l

A"k T X L T - T
[r gy

L -
N T S A A .

" LT T B T T e, Tl Bl B e

)
1
)
!
'
!

ey —
e gy e T o )

mind: & infnte
" T METAL —— o
-- PROBE 10 _

PLATE 13 -

mingm

e e —— O VER R e ket i
t g R L e T
W T T T T W T A T e
ik — — — e . = g R R e e w— —
L e B T B P p—————
T EEE S T Gk s e oy A —

INMER.
PLATE 13 -

ONE QR MORE

THERMOCOUPLE
SENI0RS 6 ~

—
__

DIELECTRIC
SPACE |



4,724,428

Sheet 1 of 3

Feb. 9, 1988

U.S. Patent

<

4

4
NI 1NN
SSYID _.




Sheet 2 of 3 4,724,428

Feb. 9, 1988

U.S. Patent

L —
SEER IR B

V¢

7 F

\ 2DNAS

PItABERE NN

TN\

SN NS N N
)
%

=

R N Yy
ANy S

TIZZZZZ L7727
4

v/

NI G3149J0139 NIW

T 9 SADSNIT
INAN0OOWAARL
SUOW 30 3INO

0\ 2a02d \H
WLINW

¥\
- I SN
N210W

N1dS\W 2
\ruobzozw

AANINAAAWAL

ARLABPAIW
WAV W

JONVLIONGY)

S 2L

WOLYDION
WAV
A1 0WA

II_IIIJ

01O

AN "

- QU3W
INO0WEIRL
N Q3AND0N

33 AVN

ok SSYY
| o THYOINOW N3IIOW
L I3ANNNAdNWAL
_ AYVM
. NOISN3LKA
IdNODOWUIRL
A —— —— o —— — = = = = OLYDION
\ | WANY |
| JOLINOW 31 O3
_ ALVONVINOD _
] 3OUN0S AR Y10
| | AIM0d ] WO _
| AOLINOW E |
" ALVONVANOD NN "
e e e e e . . —— — —— . —— — — —— — — = — — — — o d

S A0SNIS
INAN0IOWAINL

'

‘.‘. npl— ——

1

L Amme—

———

T AVALS WLIIW
FANLONAN0D

dl'l

o)
39004
AIE

N i
b I

\,,
1A

Z 2



Feb. 9, 1988 ' Sheet 3 of 3 4,724,428

6. 6

- U.S. Patent

B
_ o
c?/r\ﬂn\\x%sxg :-’7
NITOR
> 4 ' '
|
t

CAPACITANCE
MONITOR. .

comfilm{w

I MONITOR

MULTIPLEXER

ALARM

I
I
REMOTE s
INOICATOR. | |
' |

T 1

“TEMPERKTURE MOLTEN i _

MONATOR t
£ OISPLAY LEVEL 4 i

A g oS sk e

A A e A ik i

LA sy R e el

QUTER
PLATE \3

INNER.
U A —

ONE OR MORE

TRERMOCOuPLE
~ SENSORS 6 —

DIELECTC
SPACE | —

-___-—._—-_—_—_—l"—_

TS FANINSEEF
S S e RS

LT rrr 7777 7T 77 7%

P

Q‘*




4,724,428

1
THERMOCOUPLE JACKET MONITOR

FIELD OF INVENTION
This invention relates to thermocouples used for mea-

suring the temperature of molten materials. More par-

ticularly, a jacketed thermocouple is described which

contains an alarm mechanism for notifying the operator
of the thermocouple or a device used in COH_]HHCHOH
with the thermocouple that the thermocouple 1s dam-

aged and needs to be replaced.

BACKGROUND AND PRIOR ART
Thermocouples are commonly utilized to measure

the temperatures of molten materials such as glass. The °
glass industry basically utilizes two types of thermocou-.

ples, a ceramic enclosed thermocouple or a platinum-
rhodium enclosed thermocouple. The ceramic thermo-
couples have good resistance to high temperatures, but
have low resistance to molten glass corrosion. While
the ceramic thermocouples are relatively inexpensive,
their short life span can make it expensive to use this
type of thermocouple over an extended period of time.

10

15

20

The platinum-rhodium thermocouples have good resis-

tance to high temperatures and high corrosion resis-
tance to molten glass. However, the platinum-rhodium
thermocouples are expensive due to the cost of the
metals.

To measure the temperatures of a glass melt during
the glass manufacturing process, a thermocouple is

placed into the molten glass. Over a period of time the

molten glass will corrode the material enclosing the
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thermocouple and will come into contact with the ther-

mocouple junctions, resulting in the impairment of the
thermoelectric circuitry which leads to the production

35

of erroneous signals. U.S. Pat. No. 3,580,078 discloses a |

thermocouple failure indicating device comprising an
alarm circuit located. next to the thermocouple wires
within a protective sheath. When the molten material

corrodes the protective sheath, the molten material fills
the interior of the sheath which contains crushed ce-

2

discloses a pyrometric rod containing a thermocouple.
The body of the rod is made of refractory material and
is inserted into a short protective tip having the shape ot
a glove finger. The protective tip consists of a metal or
metal alloy which is resistant to molten glass, such as
platinum alloyed with 10% rhodium.

The art does not disclose a thermocouple having an
alarm which is activated prior to the irreparable dam-
age or malfunction of the thermocouple.

OBJECTS AND BRIEF DESCRIPTION OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide a jacketed thermocouple having an alarm
integral therewith which is activated when the jacketed
thermocouple is damaged by molten material.

It is a further object .of the invention to provide an
alarm in a jacketed thermocouple which is activated
prior to the irreparable damage or malfunction of the
thermocouple.

It is a further object of the invention to provide addi-
tional protection to the jacketed thermocouple by using
two separate alarm systems to ensure a failsafe means of
notifying the operator of the thermocouple of thermal
problems before costly irreparable damage or malfunc-
tion takes place to the thermocouple or to the process
being monitored with the thermocouple.

In a first preferred jacketed thermocouple according
to this invention, inner and outer jackets both have a
thin conductive metal or metal alloy coating. By con-
necting both metal coatings to a capacitor monitoring
network, the outer coating area can be continuously
monitored for any damage. These two metal-coated
areas form the plates of a capacitor and when a small
section of the outer coating becomes corroded suffi-
ciently to change the capacitor plate area, an alarm will

 notify the operator of a thermocouple problem. Ths

ramic insulation. The insulation becomes saturated with

the molten glass which results in the electrical connec-

tion of the alarm wires causing the activation of the

alarm circuit which produces an electrical output. The
electrical output notifies the operator of the defective
condition of the thermocouple so that it can be re-
placed. By the time the alarm circuit of the thermo-
couple disclosed in the 078 patent is- activated, the
thermocouple is fully damaged and simple repair, if any,
is not possible.

It is also known in the art to provide additional pro-
tection to refractory materials which come into contact
with molten glass by coating or enclosing the refractory
material with a metal or metal alloy which 1s resistant to
the corrosive effects of molten glass. U.S. Pat. No.
3,436,203 discloses coating a refractory material with
two layers. The first applied layer is an electroconduc-
tive metal oxide film. Over the first layer a thin coating
or foil of a noble metal or noble metal alloy, such as
platinum or platinum-rhodium alloy, is deposited, pref-
erably bv flame spraying. Flame spraying is disclosed as
being preferable to the known processes of plating or
cladding since flame spraying allegedly provides better
bonding to the ceramic material. According to the pa-
tent, plating and cladding can develop pinholes or min-
ute openings through which the molten glass can
contact the refractory material. U.S. Pat. No. 4,428,686
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alarm system can be made up of a visual and/or an
audio alarm device located remotely from the thermo-
couple or located in the thermocouple head. The inner
coat is connected directly to the alarm circuit by either-
a metal or metal alloy strip, or by a wire. The outer
jacket is connected to the alarm circuit by an electrical
path through the moiten glass to a metal probe.

In a second preferred thermocouple jacket monitor of
this invention, an inner jacket has a thin conductive
metal or metal alloy strip or wire running longitudinally

~ around on the inner surface over the jacket tip insulated
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from the sensing element. An alarm circuit is situated 1n
the head, or at a remote location, of the thermocouple
unit and is connected to this conductive metal strip.
When a portion or all of the outer and inner jackets

corrode away due to the prolonged exposure to a mol-

ten material such as glass, the metal strip 1s exposed to
the molten material, thereby completing the electrical
circuit between the metal probe and the continuity
monitor. The completion of this electrical circuit will

~cause an alarm to be activated, notifying the operator of

“a thermocouple problem. If a two-way continuity alarm

is used, a second continuity circuit will be broken and
cause the alarm to light when any small portion of the

 metal strip is completely corroded away. This second

65

alarm condition would again notify the operator that
the thermocouple needs to be replaced. |
The damaged thermocouple, after sufficiently cool-
ing, may have the outer jacket, the inner jacket, and if
necessary the conductive metal strip replaced. The
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repaired or reconstructed thermocouple may then be
used again.

THE DRAWINGS

FIG. 1 shows the structure of a thermocouple jacket
monitor accordi g to this invention.

FIG. 2 1s a cross-section taken along line 2—2 of FIG.
1.

FIG. 3 1s a cross-section taken along line 3—3 of FIG.
. 1'

FI1G. 4 is a diagrammatic wiring scheme of the first
alarm circuit, continuity monitor.

FIG. § 1s a diagrammatic wiring scheme of the sec-
ond alarm circuit, capacitance monitor.

FIG. 6 i1s a diagrammatic wiring scheme of the com-
bined two alarm circuits of FIGS. 4 and 5.

PREFERRED EMBODIMENTS OF THE
INVENTION

One preferred embodiment of the thermocouple
jacket monitor of the present invention is shown in
FIGS. 1, 2, and 3. The jacket to the thermocouple is
constructed from two separate pieces, an inner protec-
tion tube or jacket (1) and an outer protection tube or
jacket (2). The jackets are preferably of ceramic mate-
rial, such as alumina. The inner jacket (1) surrounds the
msulator (§) which has a support collar and slots for the
thermocouple junctions (6). The insulator is preferably
of alumina. A replaceable, thin conductiive metal strip
(3) runs longitudinally on and around the exterior sur-
face of the insulation (5) and over the tip of the insulator
(5). The conductive metal strip (3) is preferably about
0.100 inch wide by 0.005 inch thick. The dimensions of
the conductive metal strip may be modified depending
on the dimensions of the thermocouple which is fitted
with the jacket monitor of the invention. The metal
strip may be made of any conductive metal, i.e., copper,
silver, zinc, iron, lead, mercury, etc. The conductive
metal strip (3) is sandwiched between the jacket (1) and
the insulation (5) in the completed assembly, and makes
no contact with the temperature sensor.

FIGS. 1, 2, and 3 also show the two conductive metal
or metal alloy coats, (13) and (13'), which are located on
Jackeis (1) and (2). Both the inner (1) and outer (2)
Jackets are coated with a metal or metal alloy in the
same manner. The coatings, (13) and (13'), need to ex-
tend only approximately one inch above the glass metal
line (14), and need not be of the same material. The
inner coating (13) is connected to the conductive metal
strip (8) which, in turn, is connected to the alarm circuit
(4) located in the head (7).

The preferred outer coating (13') of the thermo-
couple jacket is a non-porous coating, thereby avoiding
the development of openings in the coating through
which molten glass may contact the jacket material.
The coating is a metal or metal alloy, preferably plati-
num or platinum-rhodium.

F1G. 2 shows the two-coated protection tube assem-
bly of the thermocouple jacket monitor wherein the
outer protection tube or jacket (2) is coated with a metal
or metal alloy (13). The inner protection tube or jacket
(1) 1s also coated in the same manner as the outer protec-

tion tube (2) with metal or metal alloy (13"). The coat- .

ings, (13) and (13'), as above stated need extend only
approximately one inch above the glass melt line (14) in
order to provide protection to the protective tubes (1)
and (2). The thermocouple wires (6) and insulator (5)
are enclosed by the protective tubes (1) and (2).
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4
FIG. 3 shows a cross-section of the thermocouple
system above the protective coated area, (13) and (13'),
also as shown in FIG. 1. FIG. 3 is different from FIG.
2 in that it shows that the connecting metal strip (8)
connects the conductive metal or metal alloy coating

(13’) to the alarm circuit located in the thermocouple
head (7).

One preferred method of coating the outer tip of a
protective thermocouple tube comprises applying ei-
ther a platinum or platinum-rhodium ink, paste, paint,
or the like to the tip of the jacket extending approxi-
mately one inch above the glass meit line. The coated
jacket is then placed in a kiln or oven and baked until a
hard coating is obtained. The baking operation may
have to be repeated several times until a hard, non-por-
ous coating, preferably approximately 0.003 inch thick,
is obtained.

An alternative method for coating both inner and
outer jackets of a protective thermocouple tube com-
prises wrapping a thin piece of metal or metal alloy foil
or using a thin-walled, deep-drawn metal or metal alloy
shell to cover the portion of the tube extending approxi-
mately one inch above the glass melt line. A high tem-
perature adhesive is utilized to hold the foil or shell in
place on the tube. The coated assembly is then placed in
a kiln or oven and melted into a non-porous, thin, hard-
metal coating.

FI1GS. 4, 5, and 6 show the respective block diagrams
for each of the two alarm circuits separately, and the
same two alarm circuits combined together. As shown
in FIGURE 5, the two separately coated areas, (13) and
(13'), function as a capacitor when connected to an
electrical circuit sensitive to any capacitor changes
which may occur. In more technical terms, this system
will function as follows: Any two parallel conductive
plates, (13) and (13'), separated by a thin, non-conduc-
tive or insulating material (dielectric) (1) constitute a
basic simple electronic device known as a capacitor. A
capacitor stores electrical energy, blocks the flow of
direct current, and permits the flow of alternating cur-
rent to a degree dependent essentially upon the capaci-
tance (c) and the frequency (f). The opposition a capaci-
tive device offers to AC is called capacitive reactance
(Xc) and 1s equal to 1/(2#fc). From this equation Xc
can be changed by varying ¢ or f; but, for the arrange-
ment of the present invention, ¢ only will be varied,
keeping f constant. Capacitance c is directly porpor-
tional to the area of one plate (A) and inversely propor-
tional to the dielectric thickness (d), or written in equa-
tion form c=A/d. Combining the equation for Xc with
the one for ¢ provides the equation Xc=d/2#fA. Keep-
ing the values for f and d constant, then whenever A is
changed Xc will change and any monitoring circuit
using Xc or c as part of its monitoring parameters will
trigger an alarm condition.

When a small section of the outer coating (13) be-
comes corroded away changing the effective plate area
(A) of the capacitor, this change is sensed by the moni-
toring circuit which activates the alarm circuit. When
the alarm circuit is initiated, it switches on a visible
alarm light or audible device on the thermocouple head,
the control panel, or both. The alarm notifies the opera-
tor of the thermocouple, or the device used in conjunc-
tion with the thermocouple, that the thermocouple is
damaged and needs to be replaced. The operator is,
therefore, notified of the damaged thermocouple before
erroneous signals are given by the thermocouple.
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The second alarm system, shown diagrammatically in
FIG. 4, is a two-way continuity alarm circuit. When a
portion or all of the two coated jackets, (1) and (2), of
the thermocouple corrodes away so that the conductive
metal strip (3) is exposed, the contacts of the moiten
glass to the metal strip results in the completion of an
alarm circuit. The alarm notifies the operator of the
thermocouple, or the device used in conjunction with
the thermocouple, that the thermocouple is damaged
and needs to be replaced. In the two-way continuity
alarm circuit as illustrated in FIG. 4, a second alarm
circuit is completed when any portion of the metal strip
(3) is completely corroded away due to prolonged
contact between the metal strip and the molten glass.
The same alarms are activated when the second conti-
nuity circuit is completed. The second continuity cir-
cuit acts as a back-up to the first continuity alarm signal
and further ensures the notification of the operator of
the damaged thermocouple prior to the malfunction of
the thermocouple. These alarms also warn the operator
that the process may be in jeopardy since 1t is tempera-
ture sensitive.

A single alarm circuit may be utilized, i.e., an alarm
circuit which, after the initial alarm signal, does not
have a secondary alarm. A two-way continuity alarm,
however, is preferred since it provides a back-up alarm
in the event the first alarm signal fails or if the first
alarm signal is not noticed or is forgotten by the opera-
tor. The second alarm signal provides additional notice
to the operator prior to the malfunction or irreparable
damage to the thermocouple.

As will be apparent to one skilled in the art, various
modifications can be made within the scope of the
aforesaid description. Such modifications being within
the ability of one skilled in the art form a part of the
present invention and are embraced by the appended

claims.

It is claimed: |

1. A thermocouple alarm system comprising

(A) two separate alarm circutts;

(B) an insulator enclosing the thermocouple elements;

(C) a conductive metal strip running longitudinally
around said insulator and over the tip of said insula-
tor, with said metal strip being connected to an
alarm circuit;

(D) an inner, electrically insulating, jacket enclosing
said metal strip and said insulator at least a tip
portion of which is coated with a metal or metal
alloy, and

(E) an outer, electrically insulating, jacket enclosing
said inner jacket at least a tip portion of which is
coated with a metal or metal alloy. |

2. The thermocouple alarm system of claim 2 wherein

the first of the two separate alarm circuits is capaci-
tance-type monitor which measures the capacitance
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6

between the respective metal or metal alloy coatings on
the inner and outer jackets.

3. The thermocouple alarm system of claim 2 wherein
the first alarm circuit triggers an alarm upon a predeter-
mined change in capacitance indicating corrosion of at
least a portion of the outer jacket coating.

4. The thermocouple alarm system of claim 1, for
measuring the temperature of molten glass, wherein the
capacitance is measured between an electrically con-
ductive probe immersed in the molten glass external to
the thermocouple, and the metal or metal alloy coating
of the inner jacket.

5. The thermocouple alarm system of claam 2,
wherein the second of two separate alarm circuits 1s a
continuity circuit which measures the current flow
between the conductive metal strip and a point external
to the thermocouple alarm system.

6. The thermocouple alarm system of claim 5, for
measuring the temperature of molten glass, wherein the
continuity monitor utilizes a metal probe immersed in
the molten glass, and a connection to the metal strip.

7. The thermocouple alarm system of claim 6,
wherein the second of the two separate alarm circuits is
a two-way continuity alarm circuit, which triggers a
first alarm when the molten glass corrodes at least a
portion of the inner and outer jackets to contact the
conductive metal strip, and a second alarm when any
portion of the metal strip is completely corroded away.

8. The thermocouple alarm system of claim 1 for use
in sensing the temperature of molten glass, wherein the
inner and outer jackets are partially coated with metal
or metal alloy to a point above the metal line of the
molter glass.

9. The thermocouple alarm system of claim 1 wherein
said inner and outer jackets are comprised of a ceramic
material. -

10. The thermocouple alarm system of claim 9
wherein said ceramic material is alumina.

11. The thermocouple alarm system of claim 1
wherein said conductive metal strip is approximatelv
0.100 inch wide by 0.005 inch thick.

12. The thermocouple alarm system of claim 1
wherein the coating is comprised of a high-temperature
metal or alloy. | |

13. The thermocouple alarm system of claim 1
wherein the connecting member is a conducting metal
wire or metal strip.

14. The thermocouple alarm system of claim 1
wherein the coating is comprised of platinum or plati-
num-rhodium.

15. The thermocouple alarm system of claim 1
wherein the method of coating comprises placing a high
temperature adhesive on the exterior surface of the
jacket to be coated, placing the coating material in the
form of a foil or deep-drawn shell on said adhesive

covered jacket, and exposing said coated jacket to heat.
* ok ok k%
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